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(57)Abstract: 

PROBLEM TO BE SOLVED: To compensate for 
unevenness of the luminance of a picture due to 
variance in threshold between control transistors. 
SOLUTION: A driver circuit comprises a p-channel 
transistor and an n- channel transistor connected as a 
complementary pair of transistors to provide analog 
control of the driver current for a current driven 
element, preferably, an organic electroluminescent 
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opposite channel, compensate for any variation in 
threshold voltage AVT and therefore provide a drive 
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independent of AVT. The complementary pair of 
transistors can be applied to either voltage driving or 
current driving pixel driver circuits. 
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1 

i ] mmmmm*<Mt#><Dmm®&x*3bo 

x> 

[»*«2] 8***1 i£E«^»@&i-*5^x. ffir 10 

[8***3] »**2lc:ia«oaBftlHlBlc*3V^, tffl 
EfflM L-fc 5 n f t y^^^p ft v^/V'S h 7 V 

ft >^/^&T>* p ft V y 9 (0^<T t 

HK. 

iiiJlEnf t>^/^&TJ*pf V*A'3!<Z> h7^^ 
^tt^'tbt-^i-r^^ hl/-^t^ (storage capa 
citors, 

^tt-^tLO^- * m/E'^l'* t-*f bTtfrlE n ft l/*/V 

£#-f£Ifg«Jle]£g 0 30 

5 ] fS^JS 1 75^ 3 OV>m^tw|SttOgg» 
|HlfiST*&oT > 

Jf? ^l/f^y^ — i? (programming stage) ^l^. 
n ft h 7 ^ ^StFp ft y^/VS h 7 ^ 

U-v ? ^rt^>'^ 

fEn f t ^^^Mt pft^/^ h7^^W 
mcm«KKIblR^«rttix6IB l <a«Mftte&£-i*6 J: 5 
IwlftfcSftfcJB 1 o^>f yfflt, 40 
]) -fv $ l/^=r — (reproduction stage) 4" 
ftfffEnf t^-*'HS£ pf N7Vv?7 

6J: o\zmWt£ti±%i2<DX^ s>f^»£ 1Mb 

e* i yf ^aat/WEmst^-^w^wtt, m 

[»*«7] BI**5tc:E«^K»iai6^*5V^T. Btr 50 
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^ x b \z&m*frx\^mwmk<> 

im&m 8 1 fl|*4t 5 72r£ 7 *Tfta>fcE* <0*» 
En f t >*/i>M h 9 Vv** *RtflfflK p ft 

E#ii*D^-Y j/f*8kttpf t^^M h7^^^ 

1 0 ] 5 7!^ 9 (7) v ^J-ia^Etto* 

■MUKKifc^T, WEIalKtt, d?yv^y»Sh7^ 
i^^£ffli>xlim£;ftxi^ig»0B& o 

l ] «*«4 ^E«^R»|iIB(c^v^x. 

mEmKn, rtvisy =3^nmb7^i?x*$:m^x& 
$L$tix^z>mm®& 0 

iw&m 1 2 ] 9cft'tz>i£x<Dm&m<n^i a ti^m 
ttMvxmm+^<mQfr&£o\zmttztiit* nft 

V^/v^ h7^^WpftV^;H h 

[fflhft* l 4 ] S8*« l 3 l:JEtw*fet*ot, # 
V v/y^y»Ih7y^^i: LtwffllBnft^ 

I h 7 ^ WSfflB p ft ^/HW h7>^^ 

1 5 ] ftjfc*! 1 4 IcEffiO^gxX&oX, M 
IB n f t V 7 y^^^MtlS p f t 

6] 3 7!/^l 5(Ot^-ftt^lcE« 

stEnft >^^s^t^mrE p f t is^/umn h7^ 

^rtt^HcOx — ^m/£^^^ t-xt LXmrlS nft v^/w 
S&t/fflfE p ft ^/v-Mtf) h 9 ^ * ©-ttt-Pix^ 

iw*m 1 7 ] i 3 ism 1 5 OV^i" ^t^l-E« 

cQ^are&ox, 

SMEn f t >*^IR(/ilE p ft y^/VlO) h7^ 

^ fs«-»d^ ffirE n f t ^^SXt^flftE p f 
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SfflS n >*/l'MRXfifflK> p ^ Zs^tvm b 7 is 

ft*-*-***. 

[IS** 1 8 ] |jj** 1 7 ^|B«0*jfe^*3V^T. ft 

[f***l 9] ho/vUs'ty^^/U' 

t-rzm&mi 37^1 s<D^-rM^mm^m^m 
[is** 2 0 ] §»** imh <^v^ ttd^cia*^ 

[ft** 2 1] »*«2 0^|B*<D#«aiU^ hn/V 

[SI** 2 2] ««Effi»lK^fc'>fc< t* 20<7)T^ 
T^yte^^F (active element) ^^r^frU. Sfif2BISfE 

m»mw±. 8triB2o^r^7 t w^**^pai-iEBS 

[fjf**2 3] ««K»*^£'>fc< £t>2o(DT^ 
T" >f z/faM^ (active element) ^^r^TU, fffrlB2 0(£> 

[I*** 2 4 ] ft** 2 3 |C|B«Oia»«2:*3 

[ft**2 5] e»*3S2 4^E«OlBl»^*5^-C, ffi 
IB 2o (75 h^V^^teS^l^&^CO h^^*^ 

5 c <b k ir z> mm. 
its** 2 6 ] it** 22^23 tciEttoiHiBg^ 

[fjt*9i2 7] st**2 4^iB«coniast-^v>T. str 

[ft** 2 8 ] |*** 2 2 |£lB*OEI&«r*tfm*C5te 
[If** 2 9 ] If** 2 8 KK«<7>«ft3fc^3SB&<& 

[ii**3 0] mflEWKlR^fc, Si^f^^ 
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x^^*3R^<z>s»fflJ*-iEBStt^JB2©r^^>r^* 

mim 1 <dt 9 <i ytm=FKxm, 2^r^f 

So 

[lf**3l] lf**3 OtrfB«cCO*jfe-CfcoT, Mr 
10 [«*13 2] gf**3 lt-|BttO^&T*fcoX, DO 

KMi <n b?> , Vx*RXfims l m2<D Vy>i?*9<r>b 

[f*«3 3] it** 3 2\zmm.<Djjfex*tb^x. m 
mmffimmmi'&^&m 1 t tanfr 2 co 

[«*«3 4] H*«3 3^BtW*iSfer-fcoT, HU 

20 S2(^h7 y^ #<D? <Hi o^^t^i: 5 
[0001] 

[0002] 

[$£*<£>&#*] ho^U^ty^ (OE 

30 D *^r±, ry- k«^*v- KJBic«*ixfc»** 
gh7y^^ (tft) ^Mi^c^ia^ c 

40 5o 

[0003] r^r-^y^b v t^mMm^^t v^^ 

nt*3 9> h7^^T2(t x — ^WBEft-^VDATA 

^M^is? b*'v**~,-z>>xm*&mfe<DmmT* 

50 ^ h l^— v^^^r^^v^^ (storage capacitor. 
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[0 0 0 4] »IKh7^^^r^o^|eIi»tcttrajHd5 

[0 0 0 5] i2|^f[HiKfi, h7^^»tt(Otf 

f^"t*5o h7>^^TUh7>'^^T4fi, 
©*>f S t 0 eD^JJWI®-? 

h 7 ^v 5 * ^ T 4 j&s*- ytfc 5 0 h 7 > v 5 * * T 4 
dS^fc /j; t) , 0r3£<£> (known) ftcom* I DAT** h 9 V 

fcSMx&tf J: 5(--C#5o h7^^T2(Dt^^I 
«IE!6S % h7^^T20KKy^~hMt 

6 h7y^^T3^ty«ix«$w 0 c<7)fc 

&>> ^.jftj&S^n ^ V^^t^ — (programming stag 

e) -efc-So — h7>^^T2n ^>r^--Ki: 

litf h7V^^T 2 ^LT^flSS^U'^ ho/V 
5*y-fe^**^«Eixiitf J: 5 h7>"^ 

Mh7>^^T l^^-^<^i$ x h7^^T2 
S) c lfc«»§*x6o -fcotfcl-. »«jR?BVGPirj;t) 
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6 0 h7 Vv***T 2t7)m^^ttO^@E (slope) 

ott>, y^D^^v^a clefts (reproduced current) 
fi7 p p^7AH^L</^T^5 5 0 La>U h9 

2CDKM>—y-^ratom/E^3l^±tf 6*t, -t^tt 

[0006] t(om^m<. B2w>r^ym-h 

lC*5l>T t 2d*£ t 5<D&fF$$mX*7S<£tlZ>T<?7 L >( 7 
[0 0 0 7] 

[»Wa*#ifeLJ:5fci-*»«] B2rc>ig«f*. 0 lie 
[0008] #3gWte, *A$nfciigWj[B]^^$i^^^; 

[0 0 0 9] 

[0 0 10] #JtlwW:, fflrlESSEIKSl^^^^iU^ hn 
fVX^y^z^^ (EL) 3R^-Cfc6o 

40 [oou]ff*t<n, mvmtmmz. ffifiE n ^-r 

-^H^^f"^^^ F ^-v^^t^^ (storage capacito 
r S> t, ttl^ftKD^-^mm^^^Ml, 

[0012] S5b*WJwtt. fflSBffittmKttSfei^ 

y^Xr^y (programraingstage) ^i^. SfTlEn 
^■ir^^a h7 Vv^^^^t^Saiap^ir^^® h7 
50 v^^*ix*nw«ifP«JES:««ri"-5. *n-Pixo^ 
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tizm 1 <0llSfc&»«:£-r 6 J: 5 JwSNKSix*:» 1 tf>* 
4 y^^-fkb^ y 7*^ *>a >^7 — i? (reproducti 
on stage) tftfE n f t t mflB p ft 

^m«SK &±i* 5 J: 5 d&R S *Lfc# 2 (7) * 4 y f ^ 

[0013] m<Dmmmmx^ mmm lw^f? 10 
[0014] s^«cjsucoiij6?KiBT-«, mmmin^ 

[0 0 15] *»W^*2^«tB^J:ixtf. m^iKtt^ 

ft i/^jvm h 7 * SrRlt a w S:*i-**jfeds 
[0 0 16] #£L<«\ fflTia*ffi«, HftlBnf t^* 

/i/Ufttwine P ft v^/wm^ h 7 > * o>*ix*h, 
icif-t-a^ hi/- v^t'^*^ ^n-^ttcof-^m 

t£*t LT ffiffle n ft ^^^Rt/MIB P f ir v 

[0 0 17] WIE*ifef4, ItttlSnf t>^ 

/i^&tfiift!E p ft ^/i^co h 7 * tfs^ i ^— 

nmmmm*^ffitizmm&-&&±£Z j tt, swan ft 

l/^;i>mRX*ffim p ft y^/i^o h 7 ^v 1 ^ * co^rtt 
*tb-Pix^«riB^ 

7^, *2*-KR0WKn^^X*/VfflRtffl(riap^ 40 

SB 2 ©««a»j5S^-f 5 y ^ ->a ^^-^Sr« 

[0 0 18] WJSidtt, MffittttUBIbiR^d* 

[0 0 19] *^(Dl3^Iiiatl(l fit** 175 
hn^^^y-fe>-^^^^7 p W>r»BS:t>lttti-6o 50 
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[0 0 2 0] 

[00 2 1] **W^IKiblHlB6<D«^S:ig 3 {c^i~ 0 # 
ffixi/^ hP/V^^yty^ (OEL) umi. 

7^^^11511 nft^/Hh7y^^X 4 fc 

5 0 ^jx**^*^ ^m^^t fd/vu 

y*^*^*«ixS«*<or + o^fSiJ«i*rfT5«*IS! 

[0 0 2 2] iWi^LfcJ; 5l£> il^y^^Tfp 
^IsIKKH-^fev^StfiS*^^^ ^ —* — <D 1 of*, 

L#V^fiSJEVT-CfcSo [el&4'm^/ji-5tffeo#A 

iiiE^tf^o^i h7>^^^y-h-y-^i 

->7F (rigid horizontal shift) £ ^fr^C t &X 

ir— (interface charge) <fc 19 ^[#^2^1 $H-6 0 
[0 0 2 3] *»Mld*3V>T, £JLT^-t^jg«§ix 

ft y^^mmm h 7 ^ lv ^A vt^^6 

[0 0 2 4] |H4|i. g] 3 i-7^L/c^"^^U^ |>D/V; 

T12Rt^T15CD^3fcL#V^ffimJE<BAVT, AVTU 
AVT2^*|"f 6f^e>o#$:^LTV^ 0 IffiVU V2, 
Xt/VDfl, ftl^tl h7^^T12, T15 N ^U?* 

aRVDDd^^wWE-CfcSo h7y^^T12ir h?>i> 
^^T15d5*f UV>L#V^«JESrWU. WAVT= 

Sr«H*««tt. H4^*5jt5. pfty^/Hh7y 

v 5 ^ ^ T I2(7)1#ttftiii: n f t y-^/^S h 7 y ^ T 
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[0 0 2 5] p^^ly^/l-mt n^\l/*tvm h 

yy^^OLtV MBS/Etfs a VT1 L/c £ 1~ 3 

[0026] msn. nmmmumffi t i^xm^^tc 

v** ^ T 12&U< n ^ ^/V^J h ^ >- v?^ * T 
5 0 C<7)(H]3§te, h7 Vi^^T12<bT15<^;ft,^;ft^ 
£r^Lfc. ^ h U-v?=¥t^^ C12RXI 
C15, RXfXj y^>9 hy>i>79TARZfiTB&1i'f 

z> 0 b9^iy^^rARxj^TB^yt>x\ mm^mu^n 

Xl^l^£, T — ^-Vl&t>*V2#^ X h U — 

^ TA&tf TB{3\ h 7 > 9 TA^t>*TBCOy- 
ftJ^^X\ /^y-h (pass gate) t UX^fg^ 

[0 0 2 7] [g]6Ji % mm^v J^S&tim^^? 
lw£3Igllj[^£^LXl^ 0 WIsmMttle]^^^ 

^ (O ELD) ^T^n^J^Ii:bT^i-^J:^lC 
g^^HXV^o h 7 V^*T12&t/T15<^ft^*;*X 
Idf^ 7, h ^^/^>*Ci;&tFC2. 7Sy^y? 
V y >^ ^ t l&tf T6^l2tt 6ftx v^ 0 6 tdfct. 

y^^TlWTGH, ^friZrH, Vyys7$T\2R 

2x£$t^VSEUOS Cth7 V V s * * T 15£. 
94*— h*t LXtDlbfi^gfrftHe- Kco hyy^^i: 

^T3*>£fc, ^VSEL^gfg-reJ: 5(w^$ttXV^ 

(magnitude) fcfcSC** 
fift^Jd-rSfcfe, v^fftt p^-r>^/i^m hy>is*9 

hn/^^^iyir^^^lT-^^n^^^^^SSe (spik 
e current) ^^{r*/hf5Hc:^o/c^X^ -6. 
[0 0 2 8] EI6 Ul^LfclHl&fct, <k^\<omM^ 9 7 
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^^pilRJEftlllKt, ^-rn^mm (display period) # 
7 p p^7^^^7-v j (programming stage) ^TJ^ 
>f ^T'U-^f^^ — v 1 (display stage) £r^^£,ftXtl 
ra#t?*>a*^ ^m=^^9 ha^^^i/ir^^^lgtb 

xfTmc£vmmi-zt\<^¥fM&£b\^irz 0 me 

Vv ; ^^T4^^">X\ h7y^^Tl, T3, &tfT6 
10 ^t7t^S 0 h 9Vv^^T4te. K^VGPt-JzoX 
«FSJt Hd2j-^tC*!5, h7^^TU T3. &tfT 
6te. B#£0t 3lCjfifl^VSEUrJ;oXONtr*6o 
v^^^Tl^I/Te^^^lC/^^^, pft^lh7 

12at^-t^ti*i" 6 n ^ ls*/l>M h7^ 
**T15te, ^t-K^^Il^-K«t^ 

^»!IB*offiibjft«tt. mSM I DAT J: 9 , 

mm t 2 a>e>*ijjs «rtres> r> . ^<z>jft*r±i**i t 3 ic^- 

T12Rt/T15(D«iHl*ixS (detected) L#lMK«JE 
20 ^r^^v-^ m&) ClRX$C2\Z<%$f£tlZ) 0 El 6 

Xfiwtb^^, ffi«»*«JEEaSAVT12RO«AVT15i: L 

[0 0 2 9] ^rCO^, h7^^Tl> T3 X Rt^T6 
fi^J t 4(C^t^t)\ h7>'^^T4«Mt 5 

(o eld) ^mti^WM^WMvw^h, % 
pft^;l/I h7 y^^T12ftOnft^* 

Mteffiffi%l<D p^-r l/*/l-m h7^^T 12^t>* n ^ 
-V^A-M h^^i/^^TlSiciJ; !9M«§^x5<7)X\ — 

ftfe(DJK^J^^-r ^^^<7D h7>^^lw<to 

Xtfi|g$ti5 0 
[0 0 3 0] [ll6lC^mK^ D ^^^^ttlB]^ 

fl, y^9 Y7^^y^9^Z\t^ p^^>*/i<$l 
h7y^^T12i:gi$ixt^^ m«2i^LX®j^ 

4^3! h^^^^TlSirje^S-tirTt <tV\ g|7X 
r±, iDATliiiJE^y^ fc LXttt^"r5 0 i7w[HKft 

[oo3i] ei8d>e>igi 

[0 0 3 2] El8£:#i81-5£. hP^U 

h 7 ^ ^ * Rt/n >^/um h 7 9 <DW,fflllZ- 

50 J:6»«S»*S:*-t--<< >^ V-f^fcfeir, 
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WmWM I DAT, VGP, VSEL, W3oOfi(^)l#l^ 
«JE, -*-4t>t>- OtfVi'K 

V^|t«ffiAVTW:-l#^H2:lR3eSix, 0.3X10 
~ 4 fp(Dm^X0^^ McHfiAPU 0.6X10"% 

[0 0 3 3] ^mu^ h Pyu^^y-fe^^^jtH 
5*»«*©Jfc«»4KSttr±, m l o ic*5V>-c J: D tt 

[00 34] il0^^6C^(l L#V>fiSlEAV 

Yxiti>%*y^s*mttWfrhmMinm^\. 2% 

(Dmtr>±C, L#VVil«JEAVT^+ 1 #>M^ 

is«i. 7%««^t 5^k^5 0 mmmffi 

[0 0 3 5] EDI lfl 0.2^^D7^T/i^l.0v 

[0 0 3 6] «Jbz>RWd^ &0>C4:j&s5h&*5-O*>^ 

^/VM<£> h7^^ L # v MfiSE ft 6 tf t> 
[00 37] jff^KIt nft^/HWpft^ 

hn^Us/ty^i^OELf^^^^ 

(/nft^ih7>^^(i w#^m*wi4*it 

[0 0 3 8] HI 2il ho/VU^t 
sSWWrffiH^fcSo (Hi 2|d*5V>X. W-g-l 3 2te]E7L 
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^JBSr^U 5 lfifiSitt<|j:»(|# (sepa 

rating structure) £r^t"o yf ^^SK h^^v 5 
^^12 lWnf t^^iWfllh7y^^ 
(current thin f ilmtransistor) 1 2 2 ld{:±, #J;t{3; 

p-gate structure) ^lStig^RH:6 0 0SJ£JLT^^ 

[0 0 3 9] JEH (forward oriented) ^T^mix^ 

A®®|tmS 1 1 5 , ITOfi^fS]t6iil 16, 
IE?LttAll 3 2, &t/**ft^U'*' hn/l^^irv;* 
Si 3 3^e>«fiKSttS„ jEgW^L"^ hoA'S-** 
ty^^^W iR-T-l 3 ltw*5^T, ^-^u^ h 

20 [0 0 4 0] iE?L£:AJf 1 3 2RX$i*m^^? hn/W 
*y*>*Ml 3 311 «tt 1 5 1 frjifXma&flHftft 
<*^r boo, 4 ^2 v^rc y h*^;BiJSU*felr<fc 

^Mt6^^«^6 0 iTOl^tSlill 
6H y >-^(C J; VMf&'tZ Z.k&X%Z> 0 b 

[0 0 4 1] ^^^fflWc^V /<^;v^fo(n 
mm#}tei"{T$ KSrHl 3l^«*ttlc*i- 0 £<D/** 
/Ml Tfp ^IS/n ^7 A»^tt67^f >f 
30 b}) ? xgLGVk^i'* h n/i^^irv^fSH^ 0 

0, l/^-V7^t#tS- *Wt (integrated) ffffi h 
7y^^^MK7^^2 1 0, 7^yy/VTABT 
-^2 2 0, W-ftftRAM/^yhP-7 (integr 
ated RAM/controller) #^«7fn ^ K7-f^L S 
I 2 3 Ofabffi&ZHZo fc^AyiftH -*:389§S:;fH| 

[0042] ifm^i/f hp^^yty^f^^/^ 
40 [0043] ^m<D&&tstifrmmmmm&tt. &m 

KrU'tT (CCTV) , ^KT/W<i^ (photo album) 

[oo4 4] ±m<D#m^^? b^^^^y^^^f^ 
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1 . Title el 1 n v e o t ion 

Circnit. Oliver Circait, Electro-optical Device, Organic Electro! uminesc 
e n t Display Device, Electronic Appantis, Method of Controlling The Cair 
ent Supply to a Correal Driven Element, and Method fcr Driving a Circuit 

2. Claims 

1. A driver circuit for a cirrent driven element, the circuit cemprisin 
g an n-cbanoel transistor and a c crap I erae d t a r y p-channel transistor cenne 
cted sc as te operatively cofitrcl, ia c omb i na t i c o , the cntrent sipplieil 
to tie current driven e 1 eroeo t . 

2. A driver circuit as claimed in claim 1, wherein the complementary n- 
cbannel and p-c flannel transistors comprise pclysilicco thin film trans is 
tc r s . 

3. A driver ciicoit as claimed ia claim 2, wherein the c cmp 1 enie n t a r y n- 
chanael and p-chaoue I transistors are spatially arranged in close prcxin 
ity tc each ether fcr providing a c omp 1 em« a t a r j pair of n-cnaonel and p- 
channel transistors having approximately equal threshold voltages. 

4. A driver circuit as claimed in any one cf claims 1 tc 3 connected sc 
as tc establish when cpeiativc a voltage driver circuit comprising resp 

ective storage capacitors for the n-chaonel and p-channel transistors an 
d respective switching means connected so as tc establish when operative 
respective paths to the n-cnaancl and p-chaanel transistors fcr respect 
ive data voltage poises. 
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5. A driver circuit as claimed in any one cl claims 1 tc 3 comprising r 
elective storage capacitors for storing a respective operating voltage 
cf the D-ckaiiel and the p-channel transistors during a prcgiammi ng stag 
e, a first switching means connected sc as tc establish when operative a 

first current path from a scarce cf current data signals through the o- 
chaonel and p-chaane I transistors and the current driven element during 
the programming stage, and a second switching means connected tc establi 
sli when operative a second current path thicagh the n-channel and p-ehan 
nel tranaiators and the current driven elemeEt during a reprcdnct i en sta. 
«e. 

6. A driver circoit as claimed in claim 5, wheiein the first switching 
means and the source cf current data signals are connected sc as tc pre* 
ide when operative a current scarce fcr the current diireu element. 

7. A driver circuit as claimed in claim 5, therein the first switching 
means and the scarce of current data signals are connected sc as to pre? 
ide ffherj operative a current sink fcr the current driven element. 

8. A drivei circuit as claimed in any one cf claims 5 to T T further com* 
prising respective further switching means respectively connected tc bia 

« the n-channcl transistor and the p-channei transistor tc act as diodes 
daring the picgiamraing stage. 

9. A driver circuit as claimed in claim 8, wherein the respective fnith 
er switching means comprise p-channel transistors. 

10. A diiver circuit as claimed in any one of claims 5 to 9, wherein th 
e circuit is implemented with pclysil.icoi thin film transistors. 
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11. A diiirer circuit as claimed is claim 4, wherein the circuit is impl 
emented using polysilicon t h i s film transhtcis. 

12. A driver circuit as claimed is any preceding claim, wherein the car 
rent driven element is an e I e c t t o 1 mi n e s c e n t element. 

13. A method cf ccntxclling the supply current tc a current driven elem 
cot comprising providifig aa n-ehannel transistor and a p-channel trans is 
tcr connected sc as tc c p e r a t i v e I y control, in ccmbtnaticn, the Supply c 
urreat tc the current driven element. 

14. A method as claimed in. claim 13, comprising the further step cl pre 
viding the n-chaonel transistor and the p ebanne 1 transistor as pclysili 
ccq thin film transistors . 

15. A method as claimed in claim U comprising the farther step cf spat 
tally arranging the n - c h a n a e 1 and p-channel pelysiiiccn thin film tiaosi 
stcrs in clcsc proiimity tc each other. 

16. A method as claimed in any cne cf claims 13 tc 15 ccmp rising prcfid 
log respective storage capacitors for the n-channel and p- channel transi 
stcrs and respective switching means connected sc is tc establish vnen c x 
peiatirc respective paths to the n-channel and p-channel transistors for 

respective data voltage pulses thereby tc establish, when eperative. a 
voltage driver circuit for the current driven element. 

17. A method as claimed in any one cf claims 13 tc 15 comprising provid 
ing a programming stage daring vhicb the n-channcl and p-channcl traosis 
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tcrs arc operated ia a first mcjlc and wherein 3 c b r r e D t path from a soar 
ce of cirrcQt diU signals is e s t a b 1 i £ he d through the n-chaanel and ihe 
p-channel transistors and the current diiren element and wherein a respe 
ctive operating voltage of the n-thaaoel transistor and the p-channel tr 
ansislcr is stored in respective s t c i a f e capacitors, and a reproduction 
stage wherein a second mode and a second current path is established t h r 
cigh the n-chaanel tiansistor and the p-channel transistor and the enrre 
n t driven el eme n t . 

IS, A method as claimed in claim If, wherein the first mcde comprises o 
perating the a-channel aod p-channel transistors as dicdes, 

19. A method c I < un t r c 1 i ing the scpplv current tc an e I e c t r c 1 ami ne s ce n t 
display comprising the method as claimed in any one of claims 13 to 18 

wherein the current driven eJeaieat is an « 1 e< t r c I ami ne s c e 1 1 element. 

20. An organic electroluminescent display device comprising a drivei ci 
rccit a? claimed in any one of claims I tc 12, 

21* An electronic apparatus incorporating an organic e 1 1< t r c.l ami ne s cen t 

display device as claimed in claim 20. 
22. A circuit ccmp rising a current driven element and at least two acli 
ve elements, the correal driven element being disposed between the two 8 
ctive el eiaen t S . 

21. A c ilea it comprising a current driven element and at least two act 
ire elements, the two active elements being connected thraugh the enrren 
t dr i ven e I eme n t together . 
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24. The circuit according tc claim 22 or claim 23, wherein the two acti 
Te elements are t ! aas is t sr s . 

25- The circuit according to claim 24, wherein tbe twc transistors ire 
mutually different channel type traosiuoiS. 

26. the circuit according tc claim 2 2 or claim 23, wherein the current 
driien element is an organic clectrclumiocsccot element. 

27. The circuit according to claim 24. wherein the gates of the two t r a 
osistcrs are each ccnoected tc. a respectite capacitor. 

28. An electrc-cpti cal device comprising the circuit according tn claim 
22. 

29. An electronic apparatus i n c e r po r a t \ n % so e i e c t r e~c p t i c a I device acc 
oidlng t c claim 28 . 

30. A method icr driving a circuit comprising a curreot driven element, 
a first active element, and a second active element that is disposed at 
a side ol the current driven elemeDt eppesite tc the first active eleme 

nt, centre I 1 inf a cirrent supplied tc the current driven element bj the 
first active element and the seeded active element. 

31. The metbed according tc claim 3 0, comprising the step cf selecting 
the first active element tc be a first transistor and selecting the ?eco 
nd active element te be a second trjoststor. 
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32. The method according to claim 31, comprising a step of determining 

a gate Toltage cf at least one of the first transistor and the second tr 
anuJior based cn a predetermined current. 

33. The net h c d according tc claim 32, comprising the step of caasitg th 
e predetermined current to flow through a secend current path different 
from a first current path that includes the current driven element. 

34. The method according tn claim 33, comprising the step of arranging 
tae second carrent path tc include at least one cf the first transistor 
and the second transistor. 

3. Detaield Description cf Invention 

The present invention relates tc a driver circuit. Ooe particular app 
I i calico of such a driver circuit is for driviog an organic elecirclumin 
cscent element. 

An organic electroluminescent (OEL) element OEL e I eme n t compr i s e s a lig 
ht emitting material lajer sandwiched between an anode layer and a catho 
de layer. Electrically, this element operates like a diode. Optically, 

it emits light when forward biased and the intensity of the emission in s 
creases with the forward bias current. It is possible tc constract a di 
splay panel with a matrix cf OEL elements fabricated on a transparent su 
bstrate and with at least cne of the electrode layers being transparent, 
[t is also possible tc integrate the driving circuit cn the same panel 
by using low t erape r a t a i e pclysiliccn thin film transistor (TFT) technol 

In a basic analog driving scheme for an active matrix OEL display, a m 
iaimum of two transistors are required per pixel. Such a driving Scheme 
is illustrated in Figure 1. Transistor T { is provided to address the 
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pixel and transistor T 2 , i s provided tD coovert a data voltage signal Vg a 
to into correct which drives the OEL element at a designated brightness. 

The data signal is stored by a storage capacitor Cstcrage when the pix 
el is not addressed. Although p-chaonel TFTs are shewn in the figure, 
the same principle can also be applied fcr a circuit otiliMng n-chanocl 
TFTs . 

There are problems associated with TFT analog circuits and OEL element 
s dc nnt act like perfect diodes. The iigbt emitting material dees, huw 
ever, have relatively ncifoim characteristics. Doe to the natort of the 
TFT fabrication technique, Spatial variation of the TFT characteristics 
exists ever the extent of the display paoel. One of the most important 
considerations in a TFT analog circuit is the variation of threshold vo 
1 1 a g € ? ^Vp ? from device tc device. The effect of such variation is an 
OEL display., exacerbated by the non perfect diode behavicnr, is the non- 
uniform pixel brightness ever the display area of the panel, which Eerie 
DSly affects the image qiality. Therefore, a built-in circoit for ccmpe 
nsating a dispersion cf transistor characteristics is retired. 

A circuit shown in figure 2 is proposed as one cf built-in fcr ccmpens 
ating a variation cf transistor characteristics. In this circuit, trans 
istor Ty is provided for addressing the pixel. Transistor T 2 operates a 
s an analog current control tc provide the driving current to the OEL el 
eraent. Transistor T 3 connects between the drain and gate of transistc 
r T 2 and toggles transistor T 2 to act either i< a diode cr in a satoriti 
on mode. Transistor T 4 acts is i switch in response to ao applied vavef 
orm V G p. Either Transistor T { or transistor T 4 can be ON at any one tim 
e. Initially, at time t q shown in the timing diagram of Figure 2, trail 
sisters Tj and T 3 are OFF . and transistor T 4 is ON. When transistor T 4 
is OFF , transistors T { and T3 are ON, and a current I DAT 0 ' ka0VD 7 al«* 
is allowed tc flow into the OEL element, through transistor T 2 . This i 
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s the progr immi og stage because the threshold voltage cf transistor T2 i 
s measured with transistor T3 turned ON wbich sbcrts the drain and gate 
cf transistor T 2 - Hence transistor T 2 operates as a dicde while the pre 
gramming current is allowed tc flow thicogh transistors Tj and T* and in 
tc the OIL clement. The detected threshold vcltagc cf transistor T 2 is 

stcred by a capacitor Cj connected between the gate and scurce terminal 
s cf transistor T g when transistors T 3 and Tj are switched OFF. Transi 
stcr T$ is then turned ON by driving waveform V^p and the current throug 
h the OEL element is no* provided by. supply Vjtj. It the slope cf the on 
tpnt characteristics for transistor T z were flat, tbe reprcdnced current 

would be the same as the programmed current for any threshold voltage c 
f T 2 detected and stored in capacitor C,. However, by urniog ON transi 
stcr the drain-source vcltage cf transistor ?2 is pulled np : sc a fl 
at ootpnt characteristic will maintain the reproduced current at the sam 
e level as the programmed current. Note that ^Vp 2 ch cvn in figure 2 is 

imaginary, not real. It has been used solely to represent the thre&hcl 
d reliant cl transistor T 2 - 

A constant current is provided, in theory, during a subsequent active 
pr Ggramming stage, which is signified by the lime interval tj to tj in 
the timing diagram shewn in figure 2. The reproduction stage starts at 

time t g * 

The circtit of Figure 2 docs provide an improvement over tbe circuit s 
hewn in Figure 1 bit variations in the threshold value cf the control tr 
aniistor are not filly compensated and variations in image brightness c? 
er the display area of the panel remain. 

The present invention seels 'to provide an improved driver circuit. In 
its application tc OEL elements the present invention seeis tc provide 
an improved pixel driver circuit in which variations in the threshold vc 
Itages of the pixel driver transistor can be further compensated, tbeieb 
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rprcvidiog a mere snifcrm pixel brightness ever the display area cf the 
panel aad, thcrcJorc, improved image quality. 
According tc a first aspect of the present invention there is provided 
a driver circoit for a current driven element, the circuit comprising a 
n n-chaQoel traflsistcr and a c cmp 1 erne n t a r ? p-channel tiaasistcr cconecte 
d sc as tu operative ly control, in ccmbination, the correct supplied to 
the coireot driven e Icraco t . 

Beneficially, the current driven clement is an electroluminescent e I em 
eat . 

Preferably, the d i i t e r ciicnit also comprises respective storage c a p a c 
iters fcr the n-ehannel and p-channe I transistcrs and respective swiichi 
ng means connected so as tc establish when operative respective paths to 
the a-channel and p-chaunel transistors fcr respective data voltage pal 
s e s , 

Advantageous]?, the driver circuit may also comprise respective stcrag 
e capacitors fcr staring a respective operating voltage of the D-channel 

and the p -channel transistors during a p r c g r imm i n g stage, a first switc * 
hi Eg means connected so as tc establish when operative a first current p 
a t h from a source of current data signals through the o-chaooel and p - c h 
aanel traas istcrs aad the current driven clement daring the pi c g r a mm n g 
stage, and a second switching means connected to establish when operatir 
e a second enrrent path through the n-channcl and p-channe 1 transistors 
and the current driven element during a reprodncticn stage. 

In a further embodiment, the first switching means and the source of c 
urrect data signals are connected so as tc provide when operative a ten 
c ft t source for the current driven element. 

In an alternative embodiment, the first switching means the source of 
current data signals are connected so as to provide when operative a cuj 
rent sick for the curreot driven element. 
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According to a second aspect of the present invention there is also pr 
cvided a method of controlling the supply current tc a current driven cl 
ement curoprising providing an n-channel transistor and a p-channel trans 
istcr connected so as tc cperativeiy control, in c orab i na t i o n t the Supply 
current to the current driven element. 

Preferably, the method farther comprises providing respective storage 
capacitors for tbc n-cbannel and p-channel transistors and respective sw 
itching means ccnaected so as tc establish when operative respective pat 
hs to the o-chaiDel and p-cbanoel transistors fci respective data vcltag 
e pulses thereby to establish, when operative, a voltage driver circuit 
for the current driven element. 

Advantageously, the method may comprise providing a programming stage 
during which the n-channel and p-cbaonel transistors are operated in a f 
t r s t mode and wherein a current path from a source cf current data signi 
Is is established throngh tbc o-chaonel and the p-chaanel transistors an 
d the current driven element and rchereia a respective operating voltage 
of the n-channel transistor and the p-cfiannel transistor is stored in re s 
spective storage capacitors, and a reproduction stage wherein a second m 
cde and a second correal path is established through the n-chanoel trans 
istor and the p-chioael transistor and the current driven element. 

Beneficially, the present invention provides a method cf controlling t 
he supply current tc an e 1 <c t i c 1 oroi o e s c e n t display comprising the method 
of the invention is described above whereio the current driven element 
is an electroluminescent element. 

According te a third aspect of the present ioventico, there is also pr 
ovided an organic e 1 ec t rc 1 amine s cefl t display device comprising a driver 
circuit as claimed in any one of claims J to 12. 
<Embodineol s> 
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The coocept cf a driver circuit according to the present ideation is 
illustrated in Fig. 3. An OEL clement is coupled between two transistor 
s T 2 2 aD ^ T ^ 5 which operate, in c omb i oa t i o d , as an analog current coatrc 
) for the current flowing through the OEL element. Transistor T| 2 is a 
p-channel transistor and transistor is an Q-cbannel transistcr which 

act therefore* in c omb i a a t i o a . as a complementary pair for analog contr 
ol of the torrent through the OEL element. 

As mentioned previously, cne of the mcst important parameters in a TFT 

aaalog circuit design is the threshold voltage Yy. Any variation, 

within a circuit has a significant effect on the overall circuit perfoi 
maocc. Variations io the threshold voltage can be viewed as a rigid her 
izcQtal shift cf the soiree to drain current versos the gate tc source v 
oltage characteristic lor the transistor concerned and are caused by the 

interface charge at the gate cf the transistor. 

ft has been realised with the present invention that in an array of TF 
T devices, in view of the fabrication techniques employed, neighbouring 
or relatively close TFT' s have a high probability of exhibiting the same s 

or ao almost similar value of threshold voltage ^Vf. Fa 1 1 h e r mc r e , it b 
as beea realised that as the effects of tbe sane on p-channel and a 

-channel TFT' s are c cmp 1 erne n ta r y , ccmpensation I c 1 variations ia thresho 
Id vcliage can he achieved by employing a pair of TFT : s , one p-chao 

oel TFT and one n-chaaael TFT, to provide analog control cf the driving 
current flowicg to the OEL element. The driving current can. therefore, 

be provided independently of any variatioo cf the threshold voltage. S 
1 c h a concept is illustrated in figure 3 . 

Figure 4 illustrates the variation in drain cmrent, that is the currc 
nt licking through the OEL element shown io figure 3, for various levels 

cf threshold voltage ^Yj. ^V^j . /nVj 2 foi the transistors ? 12 aad T 15 
Voltages Vp Yj and Vjj are respectively the voltages appearing across 
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transistor T 1 2 ^ ^15 aa( * tne OIL element from a voltage source Vjjrj- Ass 
urn log that the transistors 30 d ^15 have the same threshold voltage a 

nd assuming that ^Vp = 0, then the enrreni flowing through the OEL ele 
ment is given by cross-ore r point A foi the characteristics for the p-ch 
acoel transistor T| 2 aed the n-ciannel tiansistot T l5 shown in figure 4. 
This is shewn bv value I g . 

Assuming bow that the threshold voltage of the p-chanael and n-caacael 
transistors changes tc ^Yjj, the OEL element current Ij is then deterti 
iced by crossover point B . Likewise, fcr a variation in threshold volta 
ge tc ^V 2 , the OEL element current l 2 is given bv crossover point C. I 
t can be seen f 1 oai figure \ that even with the variations in the threshc 
Id voltage there is minimal variation in the current flowing through the 
OEL clement . 

Figure 5 shows a pixel driver circuit configured as a voltage driver c 

irciiit. The circuit comprises p-channel transistor 1^ a a d e - c b a c 0 e 1 1 1 
ansistcr Tjjj acting as a c (imp I eraen t a r y pair to provide, in combination, 
an analcg current centre! fci the OEL element. The circuit includes resp 
ective storage capacitors C l2 and respective switching transisto 

rs T^ and Tg coupled tc the gates 01 traoiistcrs T| 2 and T j 5 . When tran 
sis tors T A and Tg are switched 0*1 data voltage Signals V [ and are Sto 
red respectively in storage capacitors C l2 * n d Cjj when the pixel is net 

addressed. The transistors T^ and fanctioa as pass fates under the 
selective control of addressing signals <1> ^ and 4> 2 applied tc the gates 

of transistors T A and T 0 . 
Figire 6 shows a driver circuit according to tie present inventica con 
figured as a correot prcgramned OEL element driver circuit. As with the 

voltage driver circuit, p-channel transistor T l2 and n-channel traasist 
or Tj 5 ire coapled so as to function as an analog current control for th 
e OEL element. Respective storage capacitors C ( , C 2 and respective swit 
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ching transistors Tj and Tg are provided fcr transistors and T j 5 . T 
he driving waveforms foi the circuit are also shown in figure 6. Either 

transistors Tp T 3 and Tg. cr transistor Tj can he ON at any one tine. 

Transistors and Tg connect respectively be I we « d the drain and gate c 
f transistors Tj 2 and Tjj and switch in response to applied waveform Vgj 
^ tc toggle transistors T l2 and T l5 to set either as diodes or as transi 
stors in sataraticn mcde. Transistor T3 is also connected tc receive wa 
vefcrm V5£[. Tfansi stcjs Tj and Tg are both p-channel transistoiE to eu 
sore that the signals fed thicngh these transistors ire at the same magn 
itude. This is tc ensore that any spike enrrents through the OEL elemen 
t duriag transitions of t b e waveform are ke P fc to a m in imam. . 

The circuit shewn in lignre fi operates in a similar manner to known c a 
rrent programmed pixel driver circuits in that a p r c 5 r amiui og stage and a 

display stage are prcvided in each display period but with the added be 
Befit that the drive c q f t e 0 1 tc the OEL element is controlled by the com 
pleraentary opposite channel transistors T^ and T t5 . Referring to the d 
fifing waveforms shown in figure 6 T a display period fcr the driver circ N 
nit extends from time tg tc time tg. Initially, transistor T^ is OiN a 11 
d transistors Tp T 3 and Tg are OFF. Transistor T 4 is turned OFF at tim 
e tj by the waveform V^p and transistors Tp T3 and Tg are turned ON at 
time tj by the wavefcm With transistors Tj and Tg turned 0*1, the 

p-channel transistor Tj2 and the complementary n-channel transistcr T| 5 

act iu a first node as diodes. The driving waveform fcr the frame peri 
od concerned is available from the current source 1 DAT at *' m€ *2 an ^ tD 
is is passed by the transistor T3 when it switches on at time t 3 < The d 
elected threshold voltages of transistors T j 2 and T 1 5 arc stored in c a pa 
citcrs C| and C 2 - . These are shewa as imaginary voltage sources -^V-p^ a 
nd V-p 1 5 in figure 6 . 

Transistors Tj, T 3 and Tg are then switched OFF at time t 4 and tiansis 
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tor T 4 is switched ON at nine and the current through the OEL element 
is then provided from the source VDD under the control of the p-channel 
and u-channel tians tstors Tj 2 and Tj 5 operating in a second mode, i.e. 
as transistors in saturation mode. It will be appreciated that as the c 
irrent through the OEL element if controlled bj the compl erne at ar j p-chan 
b c I and n-cbannel transistors and T 1S , any variation in threshold to 
Itage in one of the transistors will be compensated bj the other oppcsit 
t channel transistor, as described previously with respect to figure 4 . 

In the current programmed driver circuit shewn in figure 6, the switch 
ing transistor T3 is coupled to the p-channel transistor Tp. with the s 
oaice of the driving waveform Iq^ operating as a current source. Howe? 
er, the switching transistor T 3 may as an alternative be coupled to the 
n-channel transistor T| 5 as shewn io figure 7, whereby Ijj^-p operates as 
a carrent sink. In all other respects the operation of the circuit show 
n in figure 7 is the same as for the circuit shewn in figure 6. 

Figures 8 to 11 show a SPICE simulation of an improved pixel diiver ci 
rcuit according to the present invention. 

Referring to figure 8, this shews the driving waveforms Ip^j, Vgp, Vgg 
I and thiee values of threshold voltage, namely - I v 0 1 1 0 t 0 1 1 s and + 1 v 0 1 
t used for the pirpeses of simulation to show the compensating effect pr 
ovided by the c cmb i nation of the p-channel and o-channel transistors for 
controlling the current through the OEL eltmeot. from figure 8, it can 
be seen that T initially the threshold voltage ^Yj. was set at -Ivolt, i 
ncreasing to Ovolts at 0.3 x 1<T 4 seconds and increasing again to rlvclt 
at 0.6 x 10~ 4 seconds. However, it can be seen from figure & that even 
with such variations in the threshold voltage the driving current thron 
gh the OEL element remains relatively unchanged. 

The relative Stability in the driving current through the OEL element 
can he more clearly seen in figire 10, which shows a magnified version 0 
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f the response plots shewn in figure 9. 

It cao be seen from figure 10 that, using a value of 0 volts as a base 

for the threshold voltage ^V^, that if the threshold voltage ^V-j ehao 
gei to -lvolts there is a change of a ppr oi ima t e 1 y 1.2% io the drive curr 
eol through the 0£L element and if the threshold voltage ^Vj is changed 

to -rlvclt, there is a reduction in drive current of approximately I - 75c 
compared to the drive current when the threshold voltage ^Vj is 0 volts 
. The variation of drive carrent of 8.?% is shown for reference purpose 
s onlr as 5 a c h a variation can be compensated by gamma collection, which 

is well kncwD in this art and will act therefore be described in relati 
tin to the present invention. 

Figure 11 shows that for levels of J DAT f * n IM n U f fcni G.2/*A to 1,0/jA, 

the improved control of the OEL element drive orrcnt is maintained by 
the use \si the p-channel and opposite a-channcl t r a n s i s t o r s . i q accordaoc 
e with the present invention. 

it will be appreciated from the above description that the use of a p- 
c h a a d e I t r a a $ i s t c r and an opposite n - c h a n o e I transistor to provide, in c 
ombioatioo, analog control of the drive current through an e 1 e c t r c 1 am i ne 
scent device provides improved compensation for the effects which would 
otherwise occur with variations in the threshold voltage of a single p-c 
flannel or n-channcl transistor. 

Preferably, the TFT n-channcl sad p-chanoel transistors are fabricated 

as neighbouring or adjacent transistors during the fabrication of ao OE 
L ciementOU display so as to maximise the probability of the complement 
a r y p-channel and o-chatnel transistors having the same value of threshc 
Id voltage ^Yp. The p-channel and n-channel transistors may be further 
matched by ccmparisoa of their output characteristics. 

Figure 12 is a schematic c tc a s-see t i cna I view of the physical implemcn 
tatioo ol the pixel driver circuit in an OEL clement structure. Is figi 
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re 12, numeral 132 indicates a hole injection layer, numeral 133 indicat 
es an organic EL layer, anil numeral 151 indicates a resist cr separating 
structure. The switching thin-film transistor 121 and the n-channel ty 
pe cir reit-thio-l i In transistor 122 adept tbe structure and the process 
ordinarily used i c r a lcv-lemperature pclysiliccn thin-film transistor, 
such as art used fur example in incwo thin-film transistor liquid crvUa 
I display devices such as i t c p - g a t e stricture and a fabrication process 
wherein tie maximum temperature is 600 degrees centigrade or less. Hcwe 
ver, ether structures and processes are applicable. 

The forward oriented organic EL display element 131 iE formed by: the 
pixel electrode 115 formed cf A 1 , the opposite electrode 116 formed of f 
TO, tie hole injection layer 132, and the organic EL layer 133. la the 
forward oriented organic EL display element 131, the direction of eorreo 
t cf the organic EL display device can be set from the opposite electrod 
e 116 formed cf I TO tc the pixel electrode 115 formed of Al . 

The hole injection layer 132 and the organic EL layer 133 may he forme 
d nsing an ink-jet printing method, employing the resist 1S1 as a scpara v 
ting structure between the pixels. The opposite electrode 116 formed cf 
ITO may be formed osing a sputtering method. However, ether methods ma 
y alsc be nsed for forming ail cf these components. 

Tbe typical layout cf a lull display panel employing the present inveo 
Hon is shewn schematically in Mgore 13. The panel comprises as active 
matrix DEL element 200 with analogue current program pixels, ao integra 
ted TFT scanning driver 210 with level shifter, a flexible TAB tape 220, 
and an external analogue driver LSI 230 with an Integrated RAM/controil 
er. Of course, this is only one example of the possible panel arrangeme 
nts in which the present invention can be nsed. 

Tbe structure cf the organic EL display device is not limited to the o 
ne described here. Other structures are alsc applicable. 
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The improved pixel driver circuit of the present invention may be used 
in display devices incorporated in many types of equipment such as mo b i 
Ic displays e.g. mobile phones, laptop personal computers, DVD players, 
cameras, field equipment; portable displays such as desktop computers. C 
CTV or photo albums; cr industrial displays such as control room cquiprae 
at displays. 

Several electronic apparatuses using the above organic electrciueinesc 
eat display device will new be described. 
<1 : Mo b i le Computer> 

An eiample in which the display device according to cne of the abeve c 
mbodimeots is applied to a mobile personal computer will new be describe 
d. 

Figure 14 is an isometric vieiv illustrating the configuration cl this 
personal c c nip n t e i . Id the drawing, the p e r s c n a I ccrapiter MOO is prcvid 
cd with a body L1G4 including a keyboard 1102 and a display unit 1166. 
The display unit 1106 is implemented using a display panel fabricated ac 
cording to the present invention, as described above. x 
<2: Portable Phcne> 

Next, an example in which the display device is applied tc a display s 
ection of a portable phone will be described. Fig. 15 is an isometric v 
iew illustrating the configuration of the portable phone. In the d raw i o 
g, the portable phone 1200 is provided with a plurality of operation key 
s 1 2 02, an earpiece 1 20 4 , a mouthpiece 121)5, and a display panel 100. T 
his display paoel 100 is implemented using a display panel fabricated ac 
cording to the present invention, is described above. 
<3: Digital Still Cameia> 

Next, a digital still camera o$Ug an OEL display device as a finder w 
ill be described. Fig. 16 is an isometric view illustrating the configu 
ration of the digital still camera and the connection to external device 
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s in brief. 

Typical cameras seasitiee films based on optical images from objects, 
whereas the digital still camera 1 3 0 0 generates imaging signals from the 

optical image of an object by photoelectric conversion using, for examp 
le, a charge coupled device (CCD). The digital still camera 1300 is pre 
vided with an OEL element 100 at the bad face cf a case 1302 U perform 

display based on the imaging signal* from the CCD. Thus, the display p 
anel 100 functions as a finder for displaying the object. A photu accep 
tancc unit 1304 iocliding optical lenses and the CCD is provided at the 
fiont side (behind in the drawing) cl tbe case 1302. 

When a cameraman determines the object image displayed in the OEL elem 
eat panel 100 and releases tbe shutter, the image signals from the CCD a 
re transmitted and stored to memories in a circuit beard 1308. In the d 
igital still camera 1300, video signal output terminals .1312 and inpit/o 
nt put terminals 1314 for data c emmuo i c a t i cn are provided cn a side cl tb 
c case 1302. As sbovo in the drawing, a television monitor 1430 aod a p 
ersoaal computer 1440 are connected to the video signal terminals 1312 a v 
ad tbe inpit/oitpnt terminals 1314, respectively, if necessary. The ima 
ging signals stored in the memories of the circuit board 1308 are uotpnt 

tc the television monitor 1430 and the personal compnter 1440, by a giv 
en c pc J a t i on . 

Eianplcs cf electronic apparatuses, ether than the personal computer s 
sown in Fig. 14, the portable phone shown in Fig. 15. aod the digital st 
ill camera sbcvn in Fig. 16, inclide OEL element television sets, vie^-f 
index-type a nd men i t c r i ng- t r pc video tape recorders, car navigation syst 
ems, pageis, electronic notebooks, portable calculators, word processors 
, workstations, TV telephones, p o i n t -c f -s a 1 e S system (POS) terminals, an 
d devices provided vita touch paoels. Of course, the abc»e OEL device c 
an be applied to display sections cf these electronic apparatuses. 
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Tie driver circuit of the present t n t c a 1 1 g d can be disposed Dot only i 
a pixel c f a display unit bat also in a driver disposed outside a d i s p 
lay unit. 

fn the above, the driver circuit of the present invention has been des 
cribed with reference tc various display devices. The applications of t 
he driver circuit of the present invention are much broader than Just di 
splaj devices and include, fcr eiampic, in use with a ma g ne t c i e s i * t i v e 
RAM, a capacitance Sensor, a charge sensor, a D3A sensor, a night vision 
camera and many ether devices. 
Figure 17 illustrates the application of the driver circuit cf tfie pre 
sent invention tc a magnetic RAM. In figure 17 a magnetic bead is indie 
a ted by the reference MH. 

Figure 18 illustrates an alternative application cf the driver circuit 
of the present invention tc a magnetic JAM. In figure 18 a magnetic he 
ad is indicated by the reference Mfl. 

Figure 19 illustrates the application of the driver circuit cf the pre 
sent invention to a nugne t or e s i s t i v c element. U figare 19 a magnetic h 
ead is indicated by tfee reference MH . and a magnetic register is indicat 
e d b j the reference MR . 

The aforegoing description has been given by way cf example only and i 
t will be appreciated by a person skilled in the ait that modifications 
can be made wit hoi t departing from the scope cf the present invention. 
4. Brief Description of Drawings 

Fig. 1 shows a ccoienticoal OEL element pixel driver circuit asing two 
transistors . 

Fig. 2 shevs a ioown current programmed OEL element driver circuit wit 
h threshold voltage compensation. 

Fig. 3 illustrates the concept of a driver circuit inclnding a complem 
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cotary pair cf driver transistors for providing threshold voltage ccmpca 
Salion ifi accordance with the present invent i cn . 

Fig. i shows plots of characteristics for the c fiinp I erne n t a r y driver i r a 
nsistors illustrated ic Fig. 3 fcr various levels n f threshold vcltagcs. 

Fig. 5 shows a driver circuit arranged to operate as a voltage driver 
circuit io accordance with a first embodiment cf the present invention. 

Fig. 6 shows a driver circuit arranged to operate as a current program 
rued driver circuit io accordance with a second embe d imen i cf the present 
invention. 

Fig. 7 shows a car re at programmed driver circuit in accordance with a 
third embodiment of the present invention. 

Figs 8 tc ii show SPICE simulation results for the circuit illustrated 
in Fig. 6 . 

Fig, 12 is i schematic sectional view cf a physical implementation cf 
an GEL element and driver according to an embodiment cf the present in?e 
n t i on . 

Fig. 13 is a simplified plan view cf an OEL elementOEL display panel i v 
ncorporitimg the present invention. 

Fig. 14 is a Schematic view of a mobile perscnal ccmpnter incorporate 
g a display device having a driver according tc the present invention. 

Fig. 15 is a schematic view of a mobile telephone i n c c rpc r a t i ag a disp 
lay device having a driver according tG the present invention, 

Fig. 16 is a schematic view of a digital camera incorporating a displa 
y device having a driver according to the present invention, 

Fig. 17 illustrates the application of the driver circuit cf the prese 
nt invention . to a magnetic RAM, aod 

Fig. 18 illustrates an alternative application cf the driver circuit o 
f the present invention to a magnetic RAM, and 

Fig. 19 illustrates the application of the driver circuit cf the prese 
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ut intention to I ma gn« t c r e s i s t i f e tleraent. 
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1. ABSTRACT 

A driver circuit comprises a p-cbannel transistor and an n-chaonel tra 
nsistor connected as a c crap 1 e roe o t a r y pair of transistors tc provide anal 
eg ccduoI ci the drife ci r r cut for a current driven element, preferably 

so crianic electroluminescent elemcot (OEL clcmeat). The transistors, 
being cl opposite cftannel, compensate lor any variation in threshold vol 
tage ^V r and therefore provide a drive current tc the OEL element which 

is relatively independent cf ^Yj. The c omp 1 cue n t a r v pair ci transistc 
rs can be applied tc either vcltage driving cr current driving pixel d r i 
ve r circuits, 
2 . Sep r ese n t a't i re Drawing 
Figure ? 



